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ABSTRACT

Thli ptpr considers the desfgn of a rather sl~lu mdcl
of petrolem usc by hutdfles in the US Konmy. W Wdel
mst be simpl- to allow it to function uitil’~ a larger ~nd
use demand mdel un&r construction for use withfn the
FOSSILZ mdeling syst@m. The simple mdrl hat kn &s fgned
S0 that Its behavior under reasonable conditions will
msetile tht behavicr of # mch mm cmDlr I mdtl of the
nation’s transportation aystm. mt ccmplex mdel , Mnmw ai
ENTRANS, -s cor.strutted at Dartmuth Col le~ for the US
Dcpar%nt of transportation.

The “mdel sirnplffi Lation” appwch -scribed In this
paper rtqu!re; the cntlyst to s~rlze tht bthavfortl
respon~e of the mr? cmpltx mdel in a form that iI ma fJ\ly
mimicked by the sfmplc mdcl ThQ b#nd of uncertainty in the
relit lonsh lpi used !n thr sf~le mdel arc dstermlned throu~
sensitivity tc!ting of the mr~ cmplex modtl . Problems
fnhcmnt In the ‘md?l sf~liflcatlon” procoss am disci,ssed
fn the concluding portion of the paper.

lKTRGOUCTIOM

Th{s is thr stcmd II, a serlcs of thrtt ptpcrs pmirnted
at this conference tialing with the DIWMO’81 ●nergy USQ
s!mulatlon model under dtvrlo~nt It Purdue Univrrtity and
the Los Alamo! National Liborttory. DEWNO’81 Is a natfonal ,
cnd use, energy simlrtion moel tist~cd s~cifically for
the FOSSIL? mdtllng syitm us@d for policy studtcs at th US
Drpsr-nt of EncrW. Th@ purpose, ICOP+, and ~nerlc itruc -
tur~s of OEMAHD’131 im gxplaiIIM by Ctorpe Backui fn the
fl,tt piprr of th~ ierlct (l). This paper cxplaini why the
m!idtntial tran!portitim sector of DEWKt’.9l waI s{nglrd
Wt for mm drtal led study, The purpost of CM Ptpr II to
fll~ltratt hm one my construct a hl@ly sfmplffitd md?l
sector by minlcking the bchavtor of a mch mm ccmplcn
uodcl By mlylng h~wily m M? bchav for of a cqlcx md~l
Of wtcmobilt use, one faces tht qwttlon of Pm to evaluats
tht crcd!bllf~ of I CCUPICX mdel, h a~mach fs to Cm-

pare the prict rlattfcity of dmand fnfcrrtd frm the behav-
ior of tha ccql?x mdrl wfth prfc~ Claltic itics obtained in
Cconmetr{c models of ●rmrgy ust. TTIis approach is dtsculi?d
by kthony Bopp in thr thfrd pa~r of tha Writh(i !).

TkiF DIFIAW’81 E~RtiT USE SIMJLATICM KD!L

MwD’81 !s I Syitm Dynmics mdtl of CYW demand for
●n@rgy in the rrsidmt (al, c~rcftl, Industr(@l, and tran].
portntica nfctnrs of thr Mitcd Stat@s ~on~. Ceor@
Backut, tk pr{ncfpil arch lttct of thr mdtl, pmvfdtl a
br{rf dt!cript{on of MC md~l fn tho ffrst paper of this
sarios (l). f(~um 1 sh~ the way (n uhlch th ~nd for s
p4rtlculal typt of fwl In a sprclffc rector Is calculst~d
using the “genertc &#nmpt{ont” Rdopled by ~ckua. In this
QXW1O, tha d-nrl for Mtural Wi frm ~ubstitutablf end
usts fn the n~tlon’s msfd?ntial sector fs cha to ch~nd on:

● the nh?. of ncw mIirMnc@I choos!ng natiral Vi ovrr
c~!!ng futls,

● tk rcsftinc~s’ hvcra~ furntc. ●fflcitncy,
● tho ovtral 1 tfffclcncy of the avcrb~ mlttincr’s

‘ihcll” In mtoinlng thw heat supolfd by the #a I fur.
nscr, and

.

● th? tqoriry rrductlons In mml hnl.d
ary twltrlctionl on th avcrap Mslhlt.

F(gurt 1 IhcuI thst each of t~,t fa~torg f,,
m:ed by th~ prlcr of nttural WS dolivcrtd

-.

f!gum 1.
Application of gener’c assumptions In DEMAk VJl to the L)lcu -
l~tlon of tht dcm?d for natural sss in the r-ts!dentfal
Btctor.

msldcntfal cust~r. A fundaxwn:nl hsfiumpt(on in the calcu-
lation o,- WS furnscc cffluicwy and th? ovrrall ?ff{cirncy
of tht housr Ii cnat i=provcd cfficfrncics ire mly obtifned
with fnvestmnts in better equi~r, t, nnd that thr invt<!mtnt
cotts ckhibft dlmlnfshing mtu~ns as the cfficienc!cs com
closer tu the NIlnm poiiiblc ●fficfcncy. mi5 gcncrlc
atsu~tion II UIed thrcu@out t.,? D[RAMD’21 mdcl ufth onr
Importsnt ●xctptfon-. thr rwsldtnt!al transportation s?ctor.
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THE [NTRANS ~EL

EfilRANS was developed by Adler(4). Ison(5), tnd
Gefnzcr(6) ●t Osrtnouth ColleW fnr tEve US Depar-nt of
Transportstfon. The behavior of ENYRANS during the histor-
ical period fran ‘ 950 to 1990 along with s ‘base case” pfw-
jection to the year 2020 fs shm In FI ~. 2. The fwlnctpal
exogenous Inputs to the model are the pr ce of O*SO Ine, the
ntier of ferdl Ies, and total personal tncme. Growth ! n
familfes and incme Is rtspoivsible for the steady rise ‘In
auto vehicle miles of travel fn Fig. 2. ~ car fuel ●comnlv
ranges frrm 12 to 13 mpg during the 1950s and 1%0s, but the
n+ car fleet miles-per-gallon rl ses during the 1970s !nd
1S80s due to a c-lnstlon of higher g-s prlcts and federal
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n ulations on the auto anufacturers,
!

New fleet rniles-per-
ga lorI fs shorn to level off at around 22 mpg in 1985 (an “on
the mad ●quivalent of the federal regulation for a 27,5 mpg
perfomsnce usfng the Environmental Protection Agency’s com-
posite cfty-highway dyrummter ■iles-per-gallon masure-
mits). The average fuel econany of the cars in use is shohn
to la heklnd the w car ●fficiency due to the delay in

tSUW ile Wrnover. CWrfng the period of tuprovlng auto-
rnbile fuel efficiency, consmptfon of gasoline is projected
m decline. Once the fleet-wfde mfles-per-gtllon levels off
at ●round 22, howver, gesolfne consumption Increases over
$fm duc to the steady grwth In vehicle miles of travel.

The ●utmobile fuel ●fficiency shmm In fig. 2 fs ctlcu-
I@ted by Uking the sales-nefghted hamonfc mean of the fuel
efficiencies of ffve classes of cars treated In the mdel.
These include 8ubcmp4ct, cmpact, lnWrmedfate, full-sized,
and luxuw vehicles. Etch car is characterized by a price, s
fuel tfffclency, sn Intrinsic utility, and a possible price
~nal~ (or rfce nduction) should manufacturers adopt “dff-

/’ferentlml pr clng” In order to cmply with Fede!al regulation
on the new t~eet ●fficiency. A model of consunwr chofcc
adapt:d frcm the multlncmial mgressfon model developed by
Lave and Train(7) is used in ENTRANS to represent the likelv
mix of cars to be purchased in the future. Redesign of each
of the five classes of cars is simulated through the use of
cost tunes representing the change in costs to obtain higher
fu”l ●fficiency. The mdel ~utcmvetfcally roves to a better
desfgn for each of the fide classes of cars If the cost of
the design change can be pafd bhck in the fom *f lower fuel
costs over 50,000 miles cf trsvel at *Je current cost of
Wsol inc.

The vehicle miles of travel In Fig. 2 Is the sum of the
●iles of local travel In and around the nation’s cities,
ouburbs and tms and the miles of longer distance, lnter-
cfty travel. The lecal travel sector is a comple~ rmdel of
the travel decisions of seven dffferent Income groups facing
both c constraint on the mount of mney that can be spent on
fuel and incidental fees and a “timeccnstrtint” that limits
the ntier of hours per day that ctn be spent behind tho
wheel . The fnterclty travel sector Is a somwhtt !impler
sector In tifch only a wney constraint is fmposed to limit
the ntier of Intercity vehicle miles traveled by ●ach of the
seven incsmm gtmups per year.

A useful stn,.ery of the behavioral tendencies of the
WTRANS =del !s givtin In Fig. 3, ti{ch dfsplays the price
elasticity of ~asoline ussw for the situation where price
incre~ses #tart frm a base price of $1 ptr gallon or from $2
per psllon. Also .Iwun (n this dfagram is the tfm ~quired
for a full nsponse of the mdel to #ny prier Increasr. The
overall ●lasticity Is brtien down into the auto cfficirnc,y
response (due to betttr ❑iles-p@r-gallon) and to the travel
response (f-r v?hicle ❑iles of travel).
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SIWILIFICATION DPP ENIRAdS OUTPUT

If the ns~dentitl transportation sector of the
LTKAND’81 model is to behtve fn a fashion similar to ENTRANS,
the output of fNTRANS mustb~ arranged in huch a way to -I lcM
easy dupl!catfon. Ffg!!re 4 shins hcm thfs ●ight be done for
the DEHANO’81 ctlculstism of the n- car flset suercge fuel
efflcfoncy. In this dfagram, WSults frsm ~rtftular years
of an ClkTRAMS Ifmulatfon are arrcnqad depend ng on the price
of gasollne fn that year as w1l m t.h average fuel efff -
cfrncy, Cfffcfcncy in fig, 4 is ●xpressed fn term of “nn.
the-road” perfo~ance Ind Is calculated frm the s@les -
weighted homonfc man of the fuel efflciarw!es of the five
classes of wtos usrd in ENTRANS. The particular Sfmulatfcm
results shti fn Ffg. 4 dfd not fnclude the Federal regula-
tions that requ{rc 77.5 m~ (EPA rating) bv laB5, 10 the IJ~
car efficlcncfes shorn fn thfs dfagram arc lower than those
shorn fn Fiz. 2.

,3 Oo+&-.L.—LJ-!? +
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W+ICE IX GASOLINE (~/MLLON IN 1975$ )

Fi~um 4.
[WRANI projections of nai car fswl ●fficiency versus the
prf-. t of g~tolfnt.

this ●fflcfcncy is set at 1.6, one My assme that u family
wfth a c~fned annual fIU~ of $lS, ODO would require 15,000
vehfcle ●fles during a year. lncre~ses In this ●fficiency
Imply less need for travel for a family of a given fncaw.

AOVAHTAGES AHO PROEfLWi UITN MOOEL’ SIMPLIFICATION

Ths tunes shcww In FIBs. 4 and 6 could be used to all-
0Ef4ANU’Bl ta enhlbit the w pneral behavior as the E:,7kANS
rmdel . With these curves, one wuld cxpett the simple resf.
dentfal trinsportatfon sector of 0EM4N0’81 to shorn the sam
nsults 6s ENIRANS provided both mdels ore ‘driven” with the
saw values of the price of wsol ine, grcwth in persantl
lnc~, and #r@th In the tier of households. Men sensi -
tf~ity testtng fs to he perfowd, the uncertain input param-
●ter In the ENTRX’S mstel would be altered, a new sat of
Sfwlatfon results prodrced, end a rvau set of e~flciency
curves wmld or ~n?ro’.ed for ule in OEMANO’111 . ‘Th+ advan -
ta es of such a “mOJQ~ sfmpliffcation” approach are thnc
fofd. Ff:~fhQ obj~ctfve of ~fntafn(n~ a small sector to
operate a lar~r modeling systm II achieved.
-condly, the mcfdent Ial transportat!sa sector fs sfm le

rM easfly understood by the mockl user. Third y,
%~~a&lfffcatfon all- researchers to take advantage of
the previous fnvestmnt of tf~ and ●ffort (leadfng to the
ENTKMS mdel ) wtthout att~tfng ~~ incorporate the ?ntire
fN17!AUS mdel Itself in tAa FOSS1L2 systm.

l?+ m:l#ll ftatl On tpproach i8 not tm.Ible-f r~,
howv~r.

f’
robl- arose In the research with

ENTRRNS. These prob em are wntfoned here to prov!dc a con-
cluding note of cautfrn td other researchers cons f4erfng the
-d-l sf~lfffcation approach,

me probla@ fs that the fwctfons used to ❑fmfc the com-
plex Oodel may be double-valued. In Ffg. 5, for ●nsmple,
Wmre ara tm possfble process efffcfencfe~ when the mu car
fuel cost fs 4.25 centsmtle, thw value, takrn frcm the
1%0s ENTRANS behavfor, 19 about 1.0, Later, fn the 1980s,
hmwver, the ptm~ss ●fflctenc

/’
Is about 1,25, Th# appear-

ance of a double volutd funct on my fndfcate that explana-
tory var{able ts not ~ =~t w{table vartably to we fn
●imlckfng the c

T
lem mdelm *l Jctfon of ● n alternatlvr

●xplanato~ varfab o ny lrad to s sfngle-valwd functfnn.
(In the apecfffc case of ■fmfckfng [M7RANS vehlcl? ❑fles of
travel , hmw~r. the SUM C, r auto fuel cost was found to b?
the best ex Ianstory varlsble. Conreqwntly, s- ad.jus~nt
f, mqufre~ to *,I ulth the Awble-valued functfcm fn
FfQ. s.)

A second probl~ wtth mdel slql!ffcatlon fs mistaken
causal ft. y. In the [~S ●r,~lr. mfstakcn causal fty can
acur fn ft~. B ff the svsearchcr aISWI that tncresses fn
tic foal cost arc dfrectly moponsfblr for the fncreases fn
th? process ●fficiency. Am axwfnat~on of [fkTMHS behavior



shcws that the fnc~ase In process ●fficiency (reductions In
—

REFERENCES
vehicle mllus of travel required for a frnily of t artlcular
fnccmm ) ●re not ●ntl rely due to higher costs of fue ~. A Sub- 1.

stmstial portfo+v of the reducticm in vohicl? miles of travel
me dw to congestion of the nation’s highway systm,, tiich
limits the miles per day that meny of the fnc~ groups In
the E~NS Intercfty sector can travel wfthwt ●nceedfng the ?.
msxfmm n~er of hours “behind the dseel. ” That Is. the
mre affluent groups are drlvtng le~s because of tong~stion i
and not because of the higher co!t of @tsolfne. Mistaken
causal iv can be a serf ous pmblm ~en It csmes tf~ to
fntirpret the perforunce of a mdel like DEWND’@l . Cm-eful 3.
interpretatfcm n utre~ one to understand both tlw simple

1rndel &nd the c-p ex rndel whose behavior !s befng ●lmlcked.

A third problem uiti model SI llflcatfw is that one
must establish the crodibilfw of ~e caplex mod~l. Thfs 4“
cm! be dffffcult If (ss Is often the ctse) the mdcl +evel -
opers smre encwragd to fnvest their tfmd in model constri-
ction and not model da~ntatfon, me particular test thtt
CW1 d help msetrchers to ●valuz”m the p@rfONnCe of a 5.
ccmplex, ●ner~-daand model , fs to alter the price of the
fuel and obseme the overoll r?sponse of the wdel after the
price fncretse. In the case of the ENTRANS mdel, the
rcspc,, ie to increases in the price of gasol ine fs s~rlzed
in Fig. 3, It ny be infomstive to cmpnre the price ●lss - 6.
tfclty meesured in this fas$fon with the price elasticities
obtained frm interpreting the coefficients in regression
mml ysis of the dmmnd for gasol fne. This approech to model
evaluation fs discussed in tic third psper of thi L rerfes by 7.
Anthony BoPo(2).

&~ ~ckus, _lfn9 tie CaUSal Mechanisms of Energy
1981 -r C~uWr Simulation Conference

[this ;oluse), July, 1~1.

A!lthony E. BOpp, %de; Fv#luatfon Through Elasticity
t~arfsolss: A Case Study of End Use Demand Mdel ing in
the Tmnsportitfon Sector, m 19S1 S-r Cmrputcr ffmla.
tlon Conference (thfs vol~), July, 1981.

Lt@ptr-nt of Transportation, me Report by the Federal
,Task Force on Wtor Vehicle @als Beyond 19e,0,VOIUm 7:
*Pure ● r 19/b, w. 13-3.

Tlvws Adler, John Ison, and Jay winzer, ■]nteractjofis
Utween Enerw SWPIY and :J;~gorte;;~&R;/; ted Energy
Use, ” Resource Pol icy . College,
Hmnover, New Ha~shfre, report DSD 18?, January 1980.

John Ison, “The Effect of Sovemnt Pol icy on Future
Autombile Fuel Econ~, ” Resource policy Center, ~rt.
rnuth CO1 lege, Hanover, K Hempshire, report oso Z03,
January 1900,

J-y 6elnz P;, ‘Travel fn an Energy-Constrained Future, g
Resource polfcy Center, Oartmuth College, Hanover, Hew
lla~shire, report DSD 200, Novtier 1979,

Charles Lhve and Kenneth Trtfn, “A Dlssqgr, gatt Wdel of
Auto-Type Chofc@, ” Transportation Research, VO1 . 13, MO.
1, pp. 1-9, 1979. -


